recently shown that the zinc finger transcription factor Glass acts as critical cell fate selector by 55 directing the maturation of PR precursors into adult, light-sensing PRs. In Drosophila, Glass is 56 required for the expression of virtually all the phototransduction proteins [9] , and it regulates the 57 development of all types of rhabdomeric PRs (including those in the Bolwig organ, the ocelli, 58 and the compound eye) [10] [11] [12] . Therefore, we investigated whether Glass may also be 59 involved in rhabdomeric PR differentiation in other animal species. 60
61
The planarian Schmidtea and the annelid Platynereis are emerging model organisms whose 62 visual systems have been well characterised [3, 5, [13] [14] [15] [16] [17] [18] [19] . Interestingly, by analysing recently 63 published single-cell sequencing data of Schmidtea we found that glass is not expressed in 64 rhabdomeric PRs in this species. Moreover, using in situ hybridisation we could not detect glass 65 expression in rhabdomeric PRs in Platynereis. Thus, while Glass is critical for the specification 66 of rhabdomeric PR identity in Drosophila, the absence of Glass in rhabdomeric PRs in 67 Schmidtea and Platynereis supports that different genetic programmes are required for 68 controlling rhabdomeric PR cell fate in different animal clades. Therefore, while the initial 69 specification of the eye field appears to be controlled by an evolutionarily conserved group of 70 transcription factors (called the retinal determination network, RDN) [17, 20, 21] , the subsequent
111
Immunohistochemistry and in situ hybridisation 112
113
In the case of Drosophila antibody stainings, these were performed on cryosections of 114 glass>mCD8::RFP flies, as previously described [9, 34] . We dissected heads (removing the 115 proboscis to improve the penetration of our reagents) and fixed them for 20 minutes with 3.7% 116 formaldehyde in 0.01 M phosphate buffer (PB; pH 7.4). Then, we washed our samples with PBT 117 (Triton X-100 0.3% in PB) and incubated them with a cryoprotectant solution (sucrose 25% in 118 PB) overnight at 4 °C. The following day we embedded the fly heads in OCT, froze them with 119 liquid nitrogen, and cut 14 μm cryosections in the transverse plane. Once the samples were dry, 120 we proceeded to immunostain them. For this, we washed the slides with PBT (this buffer was 121 also used in subsequent washing steps) and incubated them in primary antibody (rabbit anti-122 DsRed, 1:100, Clontech, no. 632496) at 4 °C overnight. Then, we washed the cryosections and 123 incubated them in secondary antibody (goat anti-rabbit conjugated to Alexa Fluor 568, 1:200, 124 Molecular Probes, no. A-11011) at 4 °C overnight, and washed again the next day. We mounted 125 our samples by using Vectashield that contained DAPI (Vector, H-1200) and took images with a 126 Leica SP5 confocal microscope. 127
128
To detect the glass transcript in Drosophila, we used the ViewRNA in situ hybridisation kit of 129 Affimetrix (no. QVT0012) -which is a proprietary method -and proceeded according to the 130 instructions of the company. Briefly, we took head cryosections (as described above for 131 antibody stainings) and ordered a mix of labelled RNA probes against glass from Affimetrix. 132
Then, we processed the samples by digesting them with protease QF, and washed with PB and 133 with various commercial solutions included in the kit. We incubated our cryosections with the 134 glass probes for 2 hours, at 40 °C. After this, we continued with a series of washing and signal 135 amplification steps, followed by a colour reaction (we used Fast Red as a fluorophore). We 136 finished by washing the samples with PB, and used Vectashield containing DAPI (Vector, H-137 1200) to cover the slides. Imaging was done with a Leica SP5 confocal microscope. 138
139
To perform double in situ hybridisation in Platynereis, we followed -with few modifications -a 140 protocol that has been previously used for characterising the expression pattern of r-opsin1 [16, 141 35] . For the present work, we also produced an RNA probe against the glass transcript (for 142 details on the glass probe, see supplementary Materials and Methods). We fixed 3-5 day old 143 larvae in 4% formaldehyde, and we subjected them to a mild proteinase K digestion to improve 144 the penetration of our reagents. These larvae were prehybridised at 65 °C by using a 145 hybridisation mix (Hyb-Mix), containing 50% formamide, 5x saline-sodium citrate buffer (SSC), 146 50 µg/ml heparin, 0.1% Tween 20, and 5 mg/ml torula RNA. Then, we dissolved the probes 147 against r-opsin1 and glass (labelled with either fluorescein-UTP or digoxigenin-UTP) in Hyb-Mix, 148 denatured them at 80 °C for 10 minutes, and added this solution to our samples. We hybridisedboth probes simultaneously by incubating at 65 °C overnight. Then, we washed the samples at 150 65 °C with a series of solutions that initially contained 50% formamide and 2x SSCT (obtained 151 from a stock solution with Tween 20 0.1% in 4x SSC), and we progressively decreased the 152 concentration of both formamide and SSCT throughout successive washes. After washing, we 153 placed the larvae at room temperature and proceeded to immunostain them. We detected the 154 two probes sequentially, by using peroxidase-conjugated primary antibodies against fluorescein 155
(1:250, Roche) and digoxigenin (1:50, Roche). To detect the first probe, we incubated our 156 samples overnight at 4 °C in one of these antibodies, washed them with Tris NaCl Tween 20 157 buffer (TNT; 0.1 M Tris-HCl, 0.15 M NaCl, 0.1% Tween 20; pH 7.5), and started the colour 158 reaction by adding a solution that contained fluorescent tyramide (conjugated to either Cy3 or 159 fluorescein). We controlled the development of the signal by using a fluorescence microscope 160 and, when it was ready, we washed in TNT and stopped the peroxidase activity with H 2 O 2 . To 161 detect the second probe, we repeated these immunostaining steps similarly. We mounted our 162 samples with 90% glycerol, and scanned them in a confocal microscope. 163
164

Microinjection of glass-Tomato 165 166
We used an unpublished assembly of the Platynereis genome (courtesy of D. Arendt, EMBL 167
Heidelberg) for making a glass-Tomato reporter. We PCR-amplified a fragment of the 168
Platynereis glass promoter and cloned it into a plasmid in frame with the tandem dimer version 169
of Tomato (courtesy of L. A. Bezares-Calderón) [36] . The fragment that we cloned included a 170 5,789 bp long upstream sequence, and also the beginning of the Glass coding sequence: the 171 first ATG codon was predicted both by aligning the Platynereis version of Glass to the Glass 172 homologues of other species and by using the ATGpr software [37, 38] . For details on the 173 sequence that we cloned, see Additional file 1: Supplementary methods and sequences. 174
175
For microinjections, we collected freshly fertilised Platynereis eggs and proceeded as previously 176 described [14] . Briefly, we removed the jelly of the eggs by digesting with proteinase K and 177 washing with abundant sea water, using a sieve. We diluted the glass-Tomato plasmid to a final 178 concentration of about 200 ng/μl, and delivered it into 1-cell embryos with a microinjection set-179 up, by using Femtotip II microcapillaries (Eppendorf). Larvae were kept at 18 °C, and we 180 imaged them with a Leica SP8 confocal microscope to study the expression of the reporter. 181 Glass homologues share a distinctive cluster of five Cys 2 His 2 zinc fingers in most species (one 207 exception is Caenorhabditis, in which it only has four zinc fingers because the first one is 208 missing). Particularly, the 4th and the 5th zinc fingers are especially important because they are 209 responsible for guiding Glass towards its targets, given that they recognise its DNA-binding 210 motif in vivo, GAARCC [28-31]. Therefore, we modified our bait by using the consensus 211 sequence of either the full cluster of five zinc fingers, or only the 4th and 5th zinc fingers, and 212 we repeated our BLAST search against vertebrates and choanoflagellates. By doing this we 213 obtained results like, for example, ZSCAN22, ZNF253, or KOX 26 in humans, which still showed 214 less similarity to Glass than any of those homologues that we identified in other species (Fig. 2) . 215
We also considered the human candidates that appeared annotated as putative Glass 216 orthologues in Flybase via DIOPT [46, 47] , including ZNF764, ZNF683, or ZNF500, but, 217 likewise, they aligned poorly with the consensus sequence of the Glass zinc fingers (Fig. 2) . 218
Next, we analysed if any of these proteins would be able to functionally substitute Glass by 219 recognising its DNA-binding motif, the GAARCC sequence [28, 29, 31] Recently, a single-cell transcriptome atlas has been published for Schmidtea, and it is available 242 online [18, 19, 49] . Using this database, rhabdomeric PRs can be identified because they form a 243 cluster of non-ciliated neurons that express phototransduction proteins, including the opsin gene 244 (Fig. 3A) [19] . Surprisingly, these cells do not co-express Glass (Fig. 3B) We next tested whether Glass is expressed in rhabdomeric PRs in the marine ragworm 250
Platynereis dumerilii. The visual system of Platynereis has been well studied, both from a 251 molecular and a functional point of view. Platynereis possesses two types of bilateral eyes 252 containing rhabdomeric PRs, called the dorsal and ventral eyes (also known as adult and larval 253 eyes, respectively). These two eye types are able to detect the direction of light, thus mediating 254 phototaxis [3, [13] [14] [15] [16] . 255
256
In Drosophila, glass is expressed in all rhabdomeric PRs [12, 50] . We could detect glass 257 expression in the compound eye of adult flies both with in situ hybridisation and with a glass-258
Gal4 line crossed to UAS-mCD8::RFP (Figs. 4A-B′), which confirms previous data [12, 50] . By 259 contrast, in the case of Platynereis, in situ hybridisations performed in 3-5 day old larvae did notshow co-expression of the glass transcript with rhabdomeric opsin 1 (r-opsin1), which is a 261 marker for rhabdomeric PRs in both the dorsal and the ventral eyes [14, 16] , indicating that 262 glass is not present in these cells (Figs. 4C-C′′′′) . In addition, we also generated a were labelled with the glass-Tomato reporter. In EM reconstructions, sensory neurons can be 290 identified because they possess distinctive membranous specialisations that project towards the 291 surface, called sensory dendrites. We observed this type of structures on some glass-Tomato-292 expressing neurons, further supporting that these cells were indeed sensory neurons (Fig. 5) It could be possible that Glass started being expressed in rhabdomeric PRs at some point 323 during the evolution of ecdysozoans and that it became specialised in regulating the 324 differentiation of these cells. Therefore, comparing the differentiation of Glass-expressing and 325 non-Glass-expressing PRs provides a valuable entry point to dissect shared and dissimilar 326 aspects of the developmental programme. The absence of Glass in rhabdomeric PRs in some 327 species argues for other transcription factors being capable of activating the expression of 328 phototransduction proteins, however the underlying mechanism remains unknown. Our data 329 support a rather complex scenario for the evolution of rhabdomeric PRs, but future works on the 330 targets of the RDN may help to better understand how rhabdomeric PR identity is regulated. Fig. 2 ), we infer that glass appeared in the common ancestor of all metazoans, and that it has been transmitted to most present-day animals (shown in green on the phylogenetic tree [62] ). However, we were not able to identify glass in vertebrates. Furthermore, a 'DNA-binding site predictor for Cys 2 His 2 Zinc Finger Proteins' has been developed and is available online [26, 27] . This software predicts that, based on their aminoacid sequence, all Glass homologues (in the first column) can bind to the same DNA motif: GAAGCC, which was expected from experimental works in Drosophila and Caenorhabditis [28, 29] . By contrast, it appears that the Glass-like proteins of vertebrates and choanoflagellates (on the second column) would not be able to recognise this motif. all Drosophila rhabdomeric PRs, including those in the compound eye [12, 50] . This can be observed in head cryosections, either by using in situ hybridisation (magenta in A, greyscale in A′) or with glass>mCD8::RFP flies (magenta in B, greyscale in B′). In both cases samples were counterstained with DAPI (green). (C-E) In contrast to Drosophila, double in situ hybridisation against the glass (red) and r-opsin1 (green) transcripts shows that glass is not present in Platynereis rhabdomeric PRs. Samples were counterstained with antibodies against acetylated Tubulin (ac-Tub, blue), which is a neuropil marker (C, transversal view of a whole-mounted, 5 day old larva). To the right, close-ups of the dorsal (arrow in C; C′,C′′) and ventral eyes (arrowhead in C; C′′′, C′′′′) show that glass (in magenta/greyscale) is not expressed in either of these visual organs. Similarly, we found that a microinjected glass-Tomato reporter (magenta/greyscale) was not co-expressed with a stable r-opsin1-GFP insertion (green).
Brightfield (BF, greyscale) was imaged as a reference (D-D′′, dorsal view of a whole mounted, 8 day old larva). The positions of the dorsal and ventral eyes are shown with an arrow and an arrowhead, respectively. Close-ups to the right show how the axons of Tomato and GFP-positive neurons project into two different areas in the brain (D′, D′′). As a control, we also imaged an 8 day old, wild-type, uninjected larva to test its autofluorescence (using two excitation laser wavelengths: 552 nm, same as for Tomato; and 488 nm, same as for GFP). 
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To find a Glass homologue in Platynereis, we searched a transcriptome database (http://jekely-537 lab.tuebingen.mpg.de/blast/) (see Table 1 
